Advanced age and vascular risk are associated with declines in the volumes of multiple brain regions, especially the prefrontal cortex, and the hippocampus. Older adults, even unencumbered by declining health, perform less well than their younger counterparts in multiple cognitive domains, such as episodic memory, executive functions, and speed of perceptual processing. Presence of a known genetic risk factor for cognitive decline and vascular disease, the 4 allele of the apolipoprotein E (APOE) gene, accounts for some share of those declines; however, the extent of the joint contribution of genetic and physiological vascular risk factors on the aging brain and cognition is unclear. In a sample of healthy adults (age 19-77), we examined the effects of a vascular risk indicator (systolic blood pressure, SBP) and volumes of hippocampus (HC), lateral prefrontal cortex (lPFC), and prefrontal white matter (pFWM) on processing speed, working memory (WM), and recognition memory. Using path analyses, we modeled indirect effects of age, SBP, and brain volumes on processing speed, WM, and memory and compared the patterns of structural relations among those variables in APOE 4 carriers and 3 homozygotes. Among 4 carriers, age differences in WM were explained by increase in SBP, reduced FWM volume, and slower processing. In contrast, lPFC and FWM volumes, but not BP, explained a share of age differences in WM among 3 homozygotes. Thus, even in healthy older carriers of the APOE 4 allele, clinically unremarkable increase in vascular risk may be associated with reduced frontal volumes and impaired cognitive functions.
Introduction
Advanced age is associated with reduced regional brain volume and impaired performance in multiple cognitive domains (Raz & Rodrigue, 2006) . These differences are exacerbated by multiple physiological and genetic variables. For example, hypertension, a common age-related vascular risk factor is associated with smaller brain volumes (Salerno et al., 1992) , disproportionately smaller prefrontal cortices (Raz, Rodrigue, & Acker, 2003) , and accelerated shrinkage of the hippocampus (Raz et al., 2005) . Hypertension is also linked to reduced performance in multiple age-sensitive areas of cognition: speed of perceptual-motor processing (Salthouse, 1996b) , episodic memory (Brady, Spiro, & Gaziano, 2005; Harrington, Saxby, McKeith, Wesnes, & Ford, 2000; Singhmanoux & Marmot, 2005) , and executive functions (Kuo et al., 2004) . It is important to keep in mind, however, that hypertension is a categorical diagnosis based on cut-off value of arterial blood pressure (Chobanian et al., 2003) , which is a continuous variable. Therefore, it is plausible that individual differences in blood pressure account for variance in brain volumes and cognitive performance, even in normotensive individuals.
A significant proportion of individual differences in brain parameters, cognitive performance, and vascular risk are explained by genetic makeup (see Jagust, 2009 for commentary and review; see Song, Stampfer, & Liu, 2004 for meta-analysis and review). Among the multitude of genetic variants that contribute to variance in brain and cognition, the best known is a polymorphism of a gene that controls a protein responsible for trafficking of lipids in the blood vessels, apolipoprotein E (see Hauser, Narayanaswami, & Ryan, 2011 for review). The protein, APOE, has three isoforms, E2, E3, and E4 that vary in their capability to transport lipids, and each isoform corresponds to a specific variant of APOE gene: 2, 3, 4, and thus is differentially expressed in the carriers of the respective alleles. The ancestral allele of APOE, 4 is an established risk factor both for vascular disease (Haan & Mayeda, 2010; Song et al., 2004) and Alzheimer's dementia (AD; Lesser, Beeri, Schmeidler, Purohit, & Haroutunian, 2011; Corder et al., 1993) , with 4 homozygotes carrying a 10-to 12-fold risk for AD in comparison to 3 homozygotes. Moreover, the deleterious effects of the 4 allele may be
